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CHAPTER 3 
 
METHODOLOGY 
 
 
3.1 MATERIALS 
 
 Overall, material used in this research can be divided into three categories: 
biomass, catalyst and supported materials. This section provides useful information 
about the material’s preparation and their pre-treatment prior to the experimental works. 
Origin of the materials and their technical specification is also described here if the 
information is available.   
 
3.1.1 Decanter cake 
 
 Palm oil decanter cake (PDC) is semi-solid waste generated from the 
purification process of crude palm oil in milling plant. In this work, fresh PDC and palm 
kernel shell (PKS) were obtained from local palm oil milling plant LKPP Corporation, 
Sdn. Bhd. located in Kompleks Kilang LKPP Lepar, KM 43.5 Lebuhraya Tun Razak, 
26300 Gambang, Kuantan, Pahang Darul Makmur, Malaysia. Preparation of raw 
materials prior to the experiments is summarised in Figure 3.1. In fresh condition, PDC 
contains more than 70 wt% of moisture, while moisture content of fresh PKS is around 
14 – 20 wt%. Drying process was conducted in laboratory oven (Memmert) at 105 °C 
for 18 hours to obtain the final moisture content of 5 – 8 %. Prior to the experiments, 
dried PDC was ground and sieved to obtain the particle size of decanter cake within the 
range of 0.8 – 2.0 mm. 
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Figure 3.1: Schematic diagram of decanter cake preparation. 
 
 
3.1.2 Catalyst 
 
 Four types of catalyst were employed in this study: calcium oxide (CaO), 
magnesium oxide (MgO), H-ZSM5 and gamma alumina (γ-Al2O3). Cao and MgO 
(reagent grade) were purchased from Sigma-Aldrich, while γ-Al2O3 (analytical grade) 
was purchased from Merck. H-ZSM5 (Si/Al = 30) was supplied by Zeolyst 
International. All of the catalysts were calcined at 550 ºC for 3 h prior to the 
experiments, except CaO was at 900 ºC. These calcination temperatures were chosen 
based on TGA plot of catalysts as shown in Figure 3.2. It clearly indicates that there was 
no weight loss at above calcination temperature. The catalyst was characterised by X-
ray diffraction (Rigaku) with Cu Kα as a source at a tube voltage of 30 kV and a current 
of 15 mA. The diffractogram patterns were collected in 2θ range from 0° to 80° with 
step sizes of 0.02° and at a scanning speed of 1°/min. Thermal properties of catalysts 
were examined by using a Mettler Toledo TGA/DSC. Amount of 5 mg sample was 
placed into the thermogravimetry analyser and heating up from 25 °C to 1000 °C at 
heating rate of 10 °C/min in N2 environment. The surface area of catalysts was 
determined from the adsorption isotherms of nitrogen at –196 °C onto the catalyst using 
Micromeritics ASAP 2000. All the samples were degassed at 105 °C prior to the 
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analysis and the adsorption of N2 was measured at -196 °C. Brunauer–Emmett–Teller 
(BET) equation was employed to calculate the specific surface area. 
 
 
 
Figure 3.2: TGA plots of catalyst used to determine calcination temperature of  
   catalysts. 
 
3.1.3 Gases and chemicals 
 
 Some gases and chemicals were also utilised in the experiments, particularly for 
analysis purposes. High purity of oxygen (99.9 %) used in bomb calorimeter analysis 
was purchased from MOX-Linde. Helium, hydrogen and compressed air for GC-MS 
analysis were also supplied by MOX-Linde. Hexane (chromatography grade) and KBr 
(IR spectroscopy grade) were purchased from Merck Millipore. 
 
3.2 EQUIPMENTS 
 
 In this work, pyrolysis of PDC was conducted in fixed bed under the vacuum 
pressure to produce bio-oils. This section describes the equipment used in the 
experiments; include the reactor design and apparatus arrangement for single and dual 
stage catalytic pyrolysis. 
 
